Study aim: the aim of study was assessment somatic features and selected cardio-ventilatory indices in men above 50 years old with different physical activity levels. Materials and methods: the study included 55 men on average aged 54.5 ± 4.32, classified to the trained group (T), n = 33, and not trained group (NT), n = 22. Total physical activity was assessed using the SDPAR Questionnaire. Measurements: anthropometric indices, ventilatory indices and VO 2 peak, hemodynamic indices and fatigue using Borg scale during exercise maximal test. Results: daily energy expenditures for sport and recreation differ significantly between T and NT groups, 6.82 METs vs. 0.2 METs, respectively (p < 0.001). Men in T and NT groups significantly differ in somatic features, and cardio-pulmonary indices including: time of physical tests effort (s) 1103 ± 193 vs. 681 ± 328; max speed (km/h) 14 ± 1.5 vs. 10 ± 1.4, VE peak 135.9 ± 21.17 l/min vs. 112.9 ± 21.49 l/min; VO 2 peak 61.8 ± 8.83 ml/kg/min vs. 41.9 ± 8.55 ml/kg/min; HR rest (beat/min) 69 ± 16.95 vs. 83 ± 14.48; HR peak (beat/min) 171 ± 1.23 vs. 163 ± 15.28; SV peak (ml) 162 ± 24.23 vs. 135 ± 33.22; CO peak 27.4 ± 4,3 vs. 21.6 ± 5.17. Conclusions: men aged 50+ who practice running training differ favourably and significantly from men not trained in anthropometric as well as cardio-ventilatory indices. Significant correlations were found between DEE and FAT(%), VO 2 peak (ml/kg/ min), SV peak (ml) and COpeak (l/min) as well between CO peak and VO 2 peak was record linear relationship (r = 0.56).
Introduction
Aging is frequently associated with a decrease in physical activity and consequently a decline in physical fitness. Regular physical activity has been associated with lower rates of functional decline [5, 25] . Moderately active men live 1.3 more years than sedentary individuals, whereas high levels of physical activity leads to gains of 3.7 years [23] .
According to Eurobarometer data, 60% of EU citizens and 66% of the citizens of Poland never or very seldom practice sport activities. Frequency of sport activity decreases in aging, to 33% in ages 55-69 and, after 70 years, declining to 22%. Physical exercises in leisure time (walking, gardening, bicycle riding) are practiced by 26% of Poles but 36% do not practice physical activity at all or practice it seldom [11] .
One essential contemporary health problem caused by insufficient physical activity is metabolic illness (overweight and obesity, diabetes mellitus type 2, metabolic syndrome) [3, 19] . In the HAPIEE program, obesity was noted in 27% of men and 34% of women in Poland [28] .
Systematic physical activity of moderate or vigorous intensity decreases risk of cardiovascular diseases, metabolic disorders and some neoplastic illnesses and improves quality of life [8, 17] . Functional fitness of the cardio-ventilatory system remains closely dependent on the volume of physical activity [9, 21] .
Maximal oxygen consumption correlates with general mortality and particularly with mortality from cardiovascular causes [30] . Physical activity connected with energy expenditure above 1000 kcal/week caused about a 30% reduction of general mortality and decreased risk of cardio-vascular diseases (CVD) in the range of 30-50% [12, 17, 34] . The aim of present study was to compare somatic features and chosen cardio-vascular indices of men aged above 50 years trained in long-distance running and those not trained.
Material and Methods
The study included 55 male volunteers, with an average age of 54.4 ± 4.32, divided into two groups: trained group (T) with an average age of 55.6 ± 4.81 (n = 33) and training in long-distance running, and not trained group (NT) with an average age of 53.3 ± 4.32 (n = 22). Inclusion criteria consisted of men aged 50-65 years, who have medical permission to take part in organized physical activity and signed their approval for participation in a research program and physical training. Inclusion in the trained group (T) and not trained group (NT) was based on a personal questionnaire: to T group were assigned men who declared systematic physical activity in the form of running long distance for ≥150 minutes weekly [34] . To the group NT were assigned men who do not practice sport activities and declared leisure time activity of <60 minutes weekly.
Characteristics of men who practice long-distance running (group T) are presented in table 1.
The following examination method was used in the study: 1) Questionnaire containing personal data, medical history, and training practice. 2) Seven Days Physical Activity Recall Questionnaire (SDPAR) [31] . SDPAR Questionnaire allows the gathering of data about frequency, intensity and time of physical activity connected with occupational activity, and sport or recreation activity during the 7-day period before examination. It allows one to get information about numbers of rest hours (energy expenditure 1MET), and numbers of hours of light -(1.5METs), moderate -(4METs), high-heavy (6METs) and very high-heavyintensity (10METs) exercises. The sum of rest hours and respective physical activity make it possible to valuate energy expenditure per day or week. 3) Anthropometric measurements including body height and mass, hip and waist circumferences, waist-to-hip ratio (WHR) and body mass index (BMI) were calculated. Body mass and composition were calculated with a weight scale (model BC 418MA, Tanita Co., Tokyo, Japan). Lean body mass, body fat and water content were estimated.
4)
A progressive exercise test was performed on a treadmill with continuous measurement of cardio-ventilatory indices. Using air analyser Sensor Medics 2900/2900c (USA), ventilatory indices including minute ventilation (VE), peak oxygen uptake (VO 2 peak), and respiratory exchange ratio (RER) were measured [21] . Hemodynamic indices, including heart rate (HR), stroke volume (SV), cardiac output (CO) and systemic vascular resistance (SVR), were measured simultaneously with ventilatory indices through electrical impedance cardiography using a bioimpedance device (Physioflow, Manatec, France). The method of electrical impedance cardiography estimates indirectly cardiac hemodynamic indices based on the chest electrical resistance (impedance) changing, connected with blood flow in major arteries according to the cardiac cycle [29, 32, 33] . Systolic (SAP) and diastolic blood pressure (DAP) were measured using the automatic device Sun Tech Tango Stress Blood Pressure DRG in the last minutes of each phase of the exercise test. Ventilatory and cardiological results from rest, peak exercises and 8-minute recovery were used for analysis.
The exercise protocol included 5 minutes of warm up with a treadmill at a speed of 6 km/h and 0˚ slope and then progressive increased load after every 2 minutes per 1 km/h with 0˚ slope. The criterion to finish the test was achieving maximum values VO 2 max, or apparent subjective and objective symptoms limited continuation of test. Subjective valuation of tests fatigue was estimate by Borg scale [13] .
The protocol of the study was accepted by the University of Physical Education Ethic Commission.
Statistics
Data are presented as means ± SD. Statistical analyses were performed using the T-Student test for independent groups. The strength and direction of the linear relationship between two variables were assessed using Pearson's correlation coefficient. Statistical significance was set at p < 0.05. All calculations were done with SPSS version 17.
Results
In figure 1 are presented daily energy expenditure men from groups T and NT.
Type of exercises
Period of training (years) However, daily energy expenditures for sport and recreation differ significantly between T and NT groups: 6.82 METs vs. 0.2 METs, respectively (p < 0.001). Men of the T group compared to the NT group had significantly larger DEE for heavy efforts (2.67 ± 1.99 METs vs. 0.2 ± 0.31 METs) and very heavy efforts (4.14 ± 3.09 METs vs. 0 ± 0 METs).
In table 2, anthropometric characteristics of examined men are presented.
Significant differences between T and NT groups were found in all measured anthropometric indices.
In trained and not trained men time of test effort (s) and maximal velocity (km/h) differ significantly and amount respectively to 1103 ± 193 vs. 681 ± 328 and 14 ± 1.5 vs. 10 ± 1.4. Subjective valuations of fatigue during test effort, according to Borg scale (points), amount to 15 vs. 16 for T and NT groups, respectively. Table 3 shows ventilatory and cardiological indices in trained and not trained men. Significant smaller rest values HR and DAP were found in the T group. During peak effort men from the T group characterised larger values: VE, VO 2 (l/min), VO 2 (ml/kg/min), HR, SV, CO and smaller SVRI.
In 8 min of restitution men from the T group had significantly larger values for VO 2 (ml/kg/min), SV and CO and smaller values for DAP and SVRI.
Significant correlation was found between daily energy expenditure (DEE) and fat tissue contents (%), peak oxygen uptake (ml/kg/min), peak stroke volume (ml) and peak cardiac output (l/min) A linear relationship was found between daily energy expenditure and peak cardiac output (r = 0.53), Fig. 2 .
Between peak cardiac output (CO) and peak oxygen uptake (VO 2 peak) was a linear relationship was recorded (r = 0.56), Fig. 3 .
Discussion
Regular physical activity provides many of health benefits, decreases the risk of sudden cardio-vascular events, and reduces morbidity and mortality on metabolic diseases and morbidity of some neoplastic illnesses [15, 35] . Physical inactivity is identified as an independent risk factor for global mortality [5] . According to WHO recommendations, physical activity for adults in the age group 18-64 [34] . Men who regularly practice physical exercises for sport or recreation could maintain their optimal somatic and cardio-ventilatory indices as well their physical fitness for many years. However, in most people, particularly men in older age, regular aerobic exercises do not completely protect against the reduction of VO 2 max related to age. Men who maintain relatively stable physical activity and body composition showed VO 2 max reduction in the range about 0.25 ml/kg/min per year. Important age-related factors with an effect on the reduction of VO 2 max apart from physical activity are genetic features, body fat tissue content, lean body mass content and cardiac output [16, 18] .
However, in men with low levels of physical activity were observed in the aging process unfavourable changes in anthropometric indices and reduction of VO 2 max at a rate of about 10% per decade [18] .
Many authors accept energy expenditures from physical activity above 1000 kcal/week as sufficiently healthy doses. An intensity of physical activity below 4-5 MET (50-70 W) and/or below 500 kcal/week or physical activity lasting less than 25 minutes per day is considered insufficient physical activity [1, 22, 27] .
Physical activity with energy expenditure above 1000 kcal/week is connected with about a 30% reduction in Table 3 . Cardio-ventilatory variables of trained (T) and not trained (NT) men in different phases of exercise tests VE -minute ventilation; VO 2 -oxygen uptake; HR -heart rate; SV -stroke volume, CO -cardiac output; SAP systolic blood pressure; DAPdiastolic blood pressure; SVRI -systemic vascular resistance index, 1 PRU = 1mmHg/1ml/min; * p < 0.05; ** p < 0.01
Fig 2.
Correlation coefficient between energy expenditure and cardiac output during peak effort in trained and not trained men general morbidity and with a decrease risk of cardiovascular events in the range 30-50% [5, 17] .
One of the most popular forms of recreation training in last decade is long-distance running. The authors have undertaken the task to estimate somatic and cardio-ventilatory indices in men in aged above 50 years (average 54.4 years) who regularly trained in long-distance running for an average period of 11.6 years (T group) and an average training time of 5.4 ± 2.15 hours per week, and in men who have not practiced any regular sport or recreation physical activity (NT group).
Average daily energy expenditure in trained men was 39.2 ± 2.66 METs/daily, whereas in not trained men, it was 32.9 ± 0.88 METs/daily; differences are not significant. However, significant differences in daily energy expenditures for sport and recreation were found: 6.82 METs vs. 0.2 METs, respectively (p < 0.001). Trained men's expenditures were 10.5% energy for very heavy efforts above 10 METs/kg/min and 6.8% for heavy physical effort above 6.0-7.9 METs/kg/min. While in not trained men there were not very heavy physical efforts and heavy efforts included 0.6% general energy expenditures. Significant correlation was found between daily energy expenditure (DEE) and fat tissue contents, peak oxygen uptake, peak stroke volume and peak cardiac output (r = 0.53); (Fig 2) .
Significant beneficial differences were shown in somatic building and body composition of men trained compared to those not trained. Men from the T group were characterised by normal average values of somatic indices, whereas men from NT group showed increased values in body mass (90.9 kg) and BMI (28.1) indicating overweight; moreover, they had increased waist circumferences (105.2 cm) and the index WHR (0.96) indicated visceral obesity [17] . The above somatic features were connected with bigger of 6.7% body fat consist in NT men compare to T men.
Overweight and obesity problems grew particularly in developed countries. In the WOBASZ study, excessive body mass among Poles aged 20-74 showed in 40.4% of men and 27.9% of women, and obesity in 20.6% and 20.2%, respectively [4] . It was revealed that BMI, WHR or waist circumferences are significantly correlated with the level of death risk from cardio-vascular causes [3, 10] . However, reduction of visceral body fat improved insulin sensitivity, which indicates the great importance of physical activity in overweight and obesity prophylaxis and prevention of metabolic disorders, particularly diabetes mellitus type 2 [14] .
An important issue is that low fitness and excess body fat often occur in combination and that some of the favourable effect of high fitness is attributable to leanness, and vice versa. Other authors underline that cardiovascular fitness and abdominal obesity each are independently and strongly associated with individual cardiovascular risk factors [10] .
Functional capacity of the cardio-ventilatory system is formed by age, body composition, and genetic features, but physical activity potentially has great impact. Functional capacity is defined by the maximal oxygen uptake (VO 2 max), that is, the product of cardiac output and arteriovenous oxygen difference (a-VO 2 difference). Endurance training augments VO 2 max in different individual values , from 10% to 30% primarily, by increasing maximal stroke volume and a-VO 2 difference [2] .
We found significant smaller resting heart rate in the T group compare to the NT group (69 ± 16.75 beat/min vs. 83 ± 14.8 beat/min), lower diastolic blood pressure at rest (78.5 ± 7.55 mmHg vs. 83.8 ± 9.24 mmHg) and in recovery (68.5 ± 7.85 mmHg vs. 74V8.87 mmHg), and lower Fig. 3 . Correlation coefficient between peak cardiac output and peak oxygen uptake systemic vascular resistance index during peak exercise (635.2 ± 121.56 PRU vs. 878.5 ± 197.24 PRU) and in recovery (1478.9 ± 313.64 PRU vs. 2100.3 ± 521.68 PRU). Bradycardia and relatively low diastolic blood pressure noted in the T group are typical profitable effects of endurance training also shown by other authors [6] .
VO 2 peak values in the T group were significantly larger than in the NT group (61.79 ± 18.83 ml/kg/min vs. 41.89 ± 8.55 ml/kg/min). Values of VO 2 peak in the T group were similar to those achieved by athletes in younger age groups [24] and larger than those achieved by Japanese runners 65-68 years old (VO 2 max 41.3 ± 6.4ml/ kg/min) and by similarly aged men who trained in walking (VO 2 max 31.6 ± 2ml/kg/min) [20] .
Maximum cardiac output decreases with age because of a lower maximum heart rate and stroke volume. Regularly trained men could compensate for a decreased maximum heart rate by increased cardiac filling, which results in increased stroke volume by the Frank-Starling mechanism [26, 29] .
In our studies trained men demonstrated higher physical capacity, expressed by significantly longer time of effort and greater speed during test effort. Significantly larger physical capacity in T group was also shown with greater ventilatory indices (VE and VO 2 max) and more favourable cardiological features.
During peak exercise men from the T group obtained significantly larger values of CO, particularly by receiving significant larger SV values and smaller total peripheral resistance (SVR) with lack differences in HRmax increasing. Those hemodynamics indices arrangement showed in the T group should be recognised as characteristics of trained men [7, 32] .
Peak values of cardiac output remain closely correlated to VO 2 peak, in trained as well as not trained men, and illustrate the magnitudes of oxygen transportation in the organism (Fig 3) .
Conclusions
1) Men aged above 50 years who practice regular running training presented significantly more favourable somatic features, physical fitness and cardio-pulmonary capacity compare to men not trained. 2) Significant correlations were found between daily energy expenditure and body fat, VO 2 peak, and peak values of stroke volume, cardiac output and cardiac index.
